Abstract: Background: In many parts of the world, stark racial disparities in human immunodeficiency virus (HIV) prevalence, incidence, prevention, and care outcomes persist among gay, bisexual, and other men who have sex with men (MSM), with Black MSM significantly impacted in the United States (U.S.). Individual-level characteristics, including sexual behaviors and socioeconomic status, do not fully account for racial/ethnic disparities in HIV among MSM. We hypothesize that neighborhood contexts and network characteristics influence risk for HIV infection as well as HIV-related prevention and care behaviors. As such, the study design includes the use of real-time geospatial methods and in-depth assessments of multiple network typologies to investigate the impact of neighborhood and network-level factors on HIV prevention and treatment among Black MSM residing in longstanding priority HIV elimination areas in the U.S., namely Chicago, Illinois and in the Deep South (Jackson, Mississippi and New Orleans, Louisiana) (n = 450, n = 50, and n = 100, respectively). We describe the design, sampling methods, data collection, data management methods, and preliminary findings of the ongoing 'Neighborhoods and Networks (N2) Cohort
Background
Gay, bisexual, and other men who have sex with men (MSM) in the United States (U.S.) have been disproportionately impacted by human immunodeficiency virus (HIV) since the beginning of the epidemic in the early 1980s [1] [2] [3] . In 2015, there were 39,513 newly diagnosed cases of HIV infection and 66.8% were among MSM [2] . Between 2008-2014, the yearly incidence of HIV infection in the U.S. and a majority of transmission risk groups (e.g., people who inject drugs, high-risk heterosexuals) decreased, while the incidence rate among MSM overall remained stable [4] . If current trends in the prevention and care of HIV continue, it is estimated that one in six MSM will be diagnosed with an HIV infection in their lifetime [5] .
Across the U.S., there is spatial and racial/ethnic heterogeneity in the prevalence and incidence of HIV among MSM and other at-risk groups. This heterogeneity relates to specific subgroups of MSM, such as Black/African American MSM (hereafter referred to as "Black MSM"), and also particular geographic locations in the U.S., including urban areas such as Chicago, Illinois [6] and cities such as Jackson, Mississippi and New Orleans, Louisiana in the Delta region of the Deep South [7] [8] [9] [10] , which has been typically defined to include Georgia, Alabama, Mississippi, and Louisiana. In these regions, Black MSM between 20-29 years old have the highest HIV rates of any subgroup [2] . Should current incidence rates persist, some estimates indicate that one in two Black MSM will be diagnosed with HIV infection within their lifetime [5] .
In a landmark meta-analysis, Millett et al. (2012) examined racial disparities among key HIV care outcomes and found that Black MSM were less likely to access, utilize, and be adherent to antiretroviral treatment (ART) and thus less likely to achieve viral load suppression compared to MSM with other racial/ethnic backgrounds [11] . Racial disparities with respect to HIV care have been well established [12] , and have been extended to effective HIV biomedical prevention such as pre-exposure prophylaxis (PrEP) [13] . These observations are the foundation for scientific movement beyond disparities research to improve rates of viral load suppression that drive onwards transmission within this diverse population.
A modified version of Urie Bronfenbrenner's 'social ecological model of human development' suggests that individual-level biological and behavioral factors associated with HIV transmission and acquisition are influenced by increasingly broad layers of social and contextual factors, including neighborhoods and networks [14] . For example, neighborhood-level factors can shape access to and the utilization of safe and competent prevention and care services, promoting health and well-being or reinforcing various forms of stigma and discrimination [14] . Furthermore, social networks can provide support for individuals engaged in HIV care services and reinforce protective social norms to promote risk reduction behaviors [15] . In this model, HIV infection is not viewed as a consequence of individual behaviors, but it is acknowledged that there are social contexts where " . . . individuals lose their power to enact their protective intentions, or where unsafe practices are perhaps the only viable and adaptive survival strategy" [16] .
As such, neighborhood contexts and network characteristics may influence one's risk for HIV infection, as well as HIV-related prevention and care behaviors. There is a growing literature that has identified several salient neighborhood and network determinants of HIV-related outcomes among MSM [17] [18] [19] [20] . First, physical characteristics of the built environment, such as the absence of public transportation infrastructures, may define and limit access to HIV prevention and care services [21, 22] . For example, the presence of health-promoting institutions (e.g., lesbian, gay, bisexual and transgender (LGBT) community organizations, hospitals, clinics, LGBT associations, Pride events) within a geographic area as well as the distance between an individual's home and these services have been associated with HIV testing uptake among MSM [23] . Second, in line with the minority stress model [24] , social factors, such as homophobia, racism, and income inequalities at the neighborhood-level may further promote inequities in health by limiting access to care and exposing individuals to stigma and discrimination [25, 26] . In addition, concentrations of poverty and other forms of social disadvantage can lead to social disorganization and the loss of social capital (i.e., features of social organization that improve efficiency of society by facilitating coordinated actions), in turn producing higher rates of crime and violence [27] . As a result, individuals exposed to these areas may be more prone to adopt maladaptive coping behaviors [28] , such as engaging in substance use [29, 30] . Moreover, living in these types of neighborhoods may lead to emotional trauma, which may undermine individual health preservation through the enactment of preventive behaviors.
MSM are also embedded in several types of networks (e.g., social and sexual networks) that may influence their risk of HIV infection. Previous research has shown that characteristics of sexual networks, such as age discordance (i.e., partnerships between individuals of different ages), concurrency (i.e., partnerships overlapping in time), and engaging in sex upon first acquaintance are significant risk factors for HIV and other sexually transmitted infections (STIs) [31, 32] . Other research among MSM has demonstrated that the network viral load, or the amount of virus that surrounds given index clients, is associated with HIV serostatus [33] . There is some evidence suggesting that multiplexity (i.e., overlap) between social and sexual networks may be related to condomless anal intercourse and the transmission of HIV and other STIs among MSM [34] . This relationship is particularly relevant because other research has found HIV-related behaviors are more assortative ('like with like') within sexual compared with social networks among young Black MSM [35] . In a related analysis, Black MSM reporting a social network enabler (i.e., someone who would not disapprove of the respondent's sexual risk behavior) were more likely to engage in condomless anal intercourse; this finding has not been observed in relation to their sexual network [35] .
In addition, research has found that a greater family network proportion (i.e., having two or more family members in one's close network) was associated with less frequent participation in group sex [36] . Other network studies have also found that specific structural positions within networks of young Black MSM were associated with HIV serostatus [37] and PrEP knowledge [38] , and exhibit high degrees of homophily (i.e., persons are likely to form connections with others who share similar characteristics including socioeconomic status, values, beliefs, or attitudes) in terms of HIV status and sexual risk behaviors [35, 39] . Further, young Black MSM exhibit a high turnover of their social networks [40] , particularly around criminal justice involvement [41] . However, Black MSM also have organically generated social network groupings such as the house/ball community [42] (i.e., a subculture of LGBT Black and Latinx members that form collective safe spaces) [43] and "gay families" (i.e., alternative 'chosen' families that include traditional family roles such as mother and father) that can provide support and information around HIV prevention such as PrEP [44] . Finally, the rapid growth of mobile phone, social media, and "hook-up" apps allow for new kinds of analyses of virtual and digital networks [38] . Virtual and digital networks represent important archived network data and have been shown to provide important contextual information on risk at the individual or network level, as well as provide insights into predictions of sex positioning, HIV prevention communication potential, and the likelihood of diffusing novel interventions.
Naturally, neighborhoods and networks are closely related, and a growing body of work has explored interactions, including among MSM. One study found that a greater frequency of communication with social network members (defined as more than weekly) was associated with less concordance between one's residential and social neighborhood among an urban sample of young MSM [45] . However, little work overall has been conducted on neighborhood and network determinants of HIV prevention in MSM, while the existing research has significant methodological limitations. Predominant among these is that most published studies on neighborhood-level determinants of health rely on crude static definitions of neighborhood areas: administrative boundaries such as ZIP codes and census tracts that are defined based on geography rather than the lived experiences of their residents [17] . The use of imprecise neighborhood definitions can result in spatial misclassification, or the incorrect characterization of a neighborhood-level exposure based on the neighborhood definition used [46] [47] [48] .
Focusing on administrative boundaries also means that most of the existing research has focused disproportionately on residential neighborhoods [49, 50] . However, the concept of 'spatial polygamy' suggests that people are exposed to multiple neighborhood environments throughout the course of their daily lives when working, socializing, and performing other aspects of life [51] . One study demonstrated that when residential neighborhoods defined using geographic information systems (GIS) were compared to "activity space neighborhoods" (those defined using global positioning system (GPS) devices), these two neighborhood definitions shared at most only 12% of the variance in the neighborhood characteristics studied [52] . This suggests that residential neighborhoods are a poor proxy for daily exposures to neighborhood characteristics, because most daily activities are conducted outside the context of these neighborhoods. Therefore, it is notable that GPS methods allow researchers to examine the multiple spatial contexts that an individual experiences (not just the residential neighborhood environment) and allow researchers to understand the timing and duration of exposures to specific spatial contexts (thereby solving the so-called 'uncertain geographic context problem') [49, 53, 54] , both of which are significant advances in the field of HIV epidemiology and health promotion.
Emerging empirical research has shown that MSM overall, but especially Black MSM, participate in multiple neighborhoods throughout their daily lives, when working, attending school, socializing, and meeting sexual partners [45, 55] . It has been argued that GPS methods are particularly relevant in measuring exposure to neighborhood environments [48, 56] , and research has shown these methods to be acceptable and feasible among MSM, including Black MSM [57, 58] . The literature on neighborhoods and health among MSM also suffers from temporal ambiguity, as these studies rely on cross-sectional designs. Longitudinal designs extend the work of cross-sectional research by allowing the assessments of causal inference and can account for potential time lags between exposure to a neighborhood characteristic and change in a health behavior. Few studies on the neighborhood determinants of health, and no such studies with longitudinal neighborhood and network data, have been conducted among Black MSM.
Regarding studies assessing the role of networks on HIV prevention and care among MSM, a comprehensive understanding of the evolution of social and sexual networks in longitudinal cohorts of Black MSM is emerging [40] . Studies typically focus on either social networks or sexual networks, but there has been strong evidence suggesting a significant overlap between both network types among Black MSM [40, 59] . There is also a need to extend the literature beyond analyses of local or personal networks to more accurately estimate structural network effects (e.g., bridging, centrality, link deletion) [37] . Studies frequently focus on egocentric networks and do not connect networks within the cohort by matching respondents' networks to one another, so there has been little work assessing how various networks may connect and interact within a single population. Further, little research has assessed differences in the characteristics of networks that exist within and across neighborhoods [19] , and very few studies have considered the possibility of synergistic effects of neighborhood and network characteristics, especially as they relate to HIV outcomes in MSM, including Black MSM [19] . Finally, very few studies have been conducted on neighborhood and network determinants of HIV prevention and care behaviors among Black MSM specifically.
The overall objective of this study is to utilize real-time geospatial methods alongside in-depth assessments of multiple network typologies to investigate cross-sectional and longitudinal associations of neighborhood-level (e.g., poverty, HIV prevalence, and access to healthcare) and network-level (e.g., network size, frequency of communication with network members, and material support) factors on HIV prevention and care outcomes among Black MSM in areas that are home to large groups of this population in the U.S., namely the metropolitan statistical areas (MSAs) of Chicago, Illinois, Jackson, Mississippi, and New Orleans, Louisiana. In particular, the aim of this study is to examine the independent role of neighborhoods and networks in HIV outcomes, as well as the synergistic role of neighborhoods and networks in HIV outcomes (see Figure 1 ). This paper describes the design, sampling methods, and data collection and management methods of the ongoing Neighborhoods and Networks Cohort Study, which is also known as the "N2" Study. Regarding studies assessing the role of networks on HIV prevention and care among MSM, a comprehensive understanding of the evolution of social and sexual networks in longitudinal cohorts of Black MSM is emerging [40] . Studies typically focus on either social networks or sexual networks, but there has been strong evidence suggesting a significant overlap between both network types among Black MSM [40, 59] . There is also a need to extend the literature beyond analyses of local or personal networks to more accurately estimate structural network effects (e.g., bridging, centrality, link deletion) [37] . Studies frequently focus on egocentric networks and do not connect networks within the cohort by matching respondents' networks to one another, so there has been little work assessing how various networks may connect and interact within a single population. Further, little research has assessed differences in the characteristics of networks that exist within and across neighborhoods [19] , and very few studies have considered the possibility of synergistic effects of neighborhood and network characteristics, especially as they relate to HIV outcomes in MSM, including Black MSM [19] . Finally, very few studies have been conducted on neighborhood and network determinants of HIV prevention and care behaviors among Black MSM specifically.
The overall objective of this study is to utilize real-time geospatial methods alongside in-depth assessments of multiple network typologies to investigate cross-sectional and longitudinal associations of neighborhood-level (e.g., poverty, HIV prevalence, and access to healthcare) and network-level (e.g., network size, frequency of communication with network members, and material support) factors on HIV prevention and care outcomes among Black MSM in areas that are home to large groups of this population in the U.S., namely the metropolitan statistical areas (MSAs) of Chicago, Illinois, Jackson, Mississippi, and New Orleans, Louisiana. In particular, the aim of this study is to examine the independent role of neighborhoods and networks in HIV outcomes, as well as the synergistic role of neighborhoods and networks in HIV outcomes (see Figure 1 ). This paper describes the design, sampling methods, and data collection and management methods of the ongoing Neighborhoods and Networks Cohort Study, which is also known as the "N2" Study. 
Methods/Design

Overview of Study Design
The N2 Study employs a prospective longitudinal cohort design. All the sites started data collection in 2018: February 2018 in Chicago, August 2018 in New Orleans, and October 2018 in Jackson. The participants enrolled in Chicago are assessed every six months over two years of follow-up, for a total of five visits (one baseline assessment and four follow-up visits). Participants enrolled in Jackson and New Orleans are assessed every six months over one year of follow-up, for a total of three visits (one baseline assessment and two follow-up visits). The difference in length in the follow-up periods between sites is due to different funding mechanisms supporting each site. The study procedures described below are applicable to all sites.
During each visit, participants complete a digital survey instrument, which is an in-depth assessment of their social and sexual networks including digital networks and are provided with a GPS device to be worn prospectively for two weeks. At the completion of the assessment, participants receive compensation for their time and effort. At the end of the two-week GPS protocol, participants return the GPS device and receive compensation for their time and effort for carrying the GPS device and receive HIV/STI test results. At all sites, we split the survey into two sessions, which is in line with our incentive structure. Compensation for participation is based upon local standards with an average of $20 for each hour of study participation. In addition, participants who were eligible to receive $20/participant were referred as part of the respondent-driven sampling (RDS) process in Chicago and New Orleans.
At the baseline (and all follow-up) visits, all the participants received HIV testing if previously HIV negative. Indeed, participants who self-report their HIV status as negative or unknown are tested for HIV infection and provided with appropriate referral services as appropriate. At all the study sites, participants are tested for STIs at each visit, including syphilis and gonorrhea/chlamydia (multi-compartment).
Participants who test negative for HIV infection at their previous appointments continue to receive HIV testing with appropriate pre-test and post-test counseling at all sites. Should a participant test positive for HIV infection or infection with another STI during the follow-up period, they receive active linkage to care for appropriate medical and social support. Appendix A provides information on the research centers and study sites contributing to and facilitating N2.
Governance and Organizational Structure
The conduct of N2 is built around a community-based participatory model, which means that the study involves ongoing community member engagement to guide the design, development, and implementation. Each site periodically holds meetings of specially convened community advisory boards in order to support ongoing input and engagement. These meetings include reviewing study protocols and survey questions, receiving progress reports on the study, the presentation of data and their interpretation, and discussions around the implications of the study for Black MSM, including how the results of the study may inform HIV prevention and treatment priorities by community organizations and policymakers. In addition to the community advisory board, a scientific advisory board has been convened. The scientific advisors have been instrumental in informing the conceptual study design and the data analysis plan to analyze the data collected from the study. Periodically, the scientific advisory board convenes to review the progress of the study and provide guidance toward ensuring the collection of high-quality data.
Ethical Oversight
The N2 Study's protocol has been reviewed and approved by several Institutional Review Boards (IRBs), namely: The New York University School of Medicine IRB (overall study; i16-01515 CR2 and i16-02158_CR2), The Biological Sciences Division/University of Chicago Medical Center IRB (Chicago site; IRB16-1419), and the Sterling IRB (Deep South sites; 5897 and 6304). Written consent was obtained from the study participants. Additionally, Certificates of Confidentiality from the National Institute of Health (for the Chicago site) and from the Center for Disease Control and Prevention (for the Jackson and New Orleans sites) have been obtained in order to protect the privacy of study participants against compulsory legal demands, such as court orders and subpoenas, as participants may report on potentially illegal behaviors.
Participant Recruitment
As of 31 December 2018, recruitment for N2 is ongoing with anticipated baseline completion date of August 2019. We aim to recruit a total 450 participants in Chicago, 100 in New Orleans, and 50 in Jackson. The recruitment strategies were flexibly designed to build upon existing research and service projects among Black MSM in these geographic locations. For the Chicago site, seed participants to initiate the RDS chain referral process [60] are drawn from a cluster of cohort, intervention, and service projects [38, 40, 44, 61, 62] as well as ongoing HIV testing research and service programs providing PrEP related care to young Black MSM [63] . As in previous work [40] , 'seed' participants are invited to refer up to six members of their social networks, who then are also afforded the same opportunity. For the Jackson site, participants are recruited from an earlier cross-sectional study of GPS-defined neighborhood contexts associated with drug use and HIV infection among Black MSM, while New Orleans participants are recruited through existing service delivery and recruitment events, and is further supported by the distribution of printed advertisements at local colleges and universities, bars, clubs, and community-based organizations providing services to Black MSM, in-person recruitment from local bars and clubs frequented by Black MSM, direct messaging via social networking sites (e.g., Facebook, Twitter) and geosocial networking smartphone sex and dating applications (e.g., Grindr, Jack'd), and peer referral.
Inclusion and Exclusion Criteria
To be eligible for participation in the N2 Study in Chicago or the Deep South, participants must have: (a) identified as Black or African American; (b) been assigned male sex at birth and identify as male; (c) resided in the site MSA; (d) reported at least one sexual encounter with another man or a transgender women in the past year; (e) been willing to wear a GPS device; and (f) have no plans to move from the MSA during the course of the study. Chicago participants could be a minimum of 16 years of age, and we capped the age at 34 years of age at this site, which is in line with the highest HIV rates in this community, while in the Deep South, participants were aged 16 years or older, due to the limited knowledge about the networks and neighborhoods of Black MSM in these communities.
Data Collection 1: Self-Report Survey Instruments
At the scheduled baseline (enrollment) and follow-up visits, participants complete a study questionnaire in private interview rooms to complete a study questionnaire. An illustrative list of survey measures contained in the study instruments is displayed in Table 1 , which were selected in consultation with the N2 community and scientific advisory boards. They capture data on the understudied multi-level constructs needed to understand the influence of neighborhoods and networks on HIV prevention and care behaviors among Black MSM, including the potential mediators, confounders, or effect modifiers of any hypothesized associations. The survey is mixed mode in that some parts are self-administered, while others are administered by a trained interviewer. This approach to survey research can help decrease misclassification-particularly of sensitive questions (e.g., mental health) and those prone to socially desirable responses (e.g., drug use)-develop interviewer-participant rapport, and provide opportunities for participants to clarify questions about which they are uncertain [64]. Mobility within and between neighborhoods is determined using GPS technology, which is a cutting-edge method to more accurately study neighborhood exposures [48] . To ensure the equivalent implementation of GPS protocols across study sites, key study staff (e.g., site principal investigators, project coordinator, and research assistants) participated in an interactive overview and training workshop to familiarize them with the GPS technology and protocol, which was conducted by members of New York University (NYU)'s Spatial Epidemiology Lab. Interview staff were trained to use the GPS units and taught the important points to discuss with participants (e.g., what the device can and cannot record).
At each survey assessment, participants were asked to wear and charge the GPS device over 14 [14] consecutive days. Participants were instructed to place the unit into their pockets or bags and keep the device with them at all times during the two-week period with the exception of when sleeping, swimming, or bathing. Participants were instructed to charge the device daily. In addition, participants received a travel diary containing two questions for each day of the protocol: "Did you charge the GPS unit today?" (Response Options: "Yes" and "No") and "Did you carry the GPS unit with you today?" (Response Options: "Yes, for all journeys", "Yes, for some journeys", "No, but did make journeys", and "I did not travel today") [57, 65] . Participants were sent reminder text messages to carry and charge the GPS device via text message during the protocol period. Example text messages were: "Phone, keys, wallet, GPS device!"; "New match on the dating app? Your GPS device wants to come too!"; and "Going out of town this weekend? Don't forget to pack your GPS device and charger!".
The GPS device itself was small (Qstarz BT-Q1000XT, manufactured by Qstarz International Co., Ltd., Taipei, Taiwan) and accompanied by two chargers (one for charging the device using a standard wall outlet and one car adapter for charging the device in a car). We considered using standard GPS apps within smartphones, but elected not to; this was mainly due to the development work yet required for this technology, which currently faces a number of challenges including severe battery drainage. This Qstarz device has been used in previous studies of neighborhoods and health [66, 67] , and has previously demonstrated acceptability and feasibility among MSM and other populations [57, 58, 68] . The device is programmed to log the participant's current latitude and longitude coordinates at 10-second intervals, meaning that under ideal conditions, the device will record a latitude-longitude coordinate 360 times in the course of one hour, as done in previous studies [69] [70] [71] . This interval was selected as a compromise between optimal frequency (i.e., 1 s) and the device's battery drain and data storage capacity over a two-week period. We decided to use the 10-s interval because our pilot study using varying recording intervals (i.e., 5 s, 10 s, 15 s, and 30 s (a 30-s logging interval is standard in the literature) found that the 10-s interval provides the best balance between battery and memory constraints and data quality. In addition, we implemented a 10-s GPS protocol in our pilot study of transgender women [72] .
Upon completing the GPS protocol, participants returned to the study site to return their device and complete the travel diary. Data were imported from each device using QTravel, Qstarz' proprietary software, and stored as GPX files labeled with the participant identification number and the device serial number. After exporting data, each GPS device's log is cleared for use by future participants. Quality assurance on the imported GPS data was undertaken using Python software (version 2.7), scripts that remove errors (e.g., data with erroneous latitude and longitude values), and by using QGIS software (version 2.18), which facilitates a 'nearest neighborhood analysis' in order to remove the data points that suddenly move large distances (defined as more than 100 m in one move), as these likely reflect errors due to multipath reflectance [73] .
In addition to defining neighborhoods with GPS data, we note that because we were collecting residential mailing addresses, we geocoded this information into residential neighborhoods. Data from the U.S. Census and American Community Survey [74, 75] have been collected to approximate each component of the aforementioned theories and their influences on health outcomes. We will also obtain locally collected data, including access to relevant healthcare services, such as PrEP providers.
In addition to these GIS measures of neighborhood characteristics, the study survey conducted prior to the two-week GPS period includes several items on perceived neighborhood characteristics, such as neighborhood safety, neighborhood stigma (i.e., places that are labeled socially and/or economically marginalized), neighborhood collective efficacy (i.e., social cohesion and informal social control), and gay neighborhood social norms (e.g., perceived neighborhood homophobia) [76] .
Data Collection 3: Social and Sexual Networks Assessment
Social and sexual networks were assessed during the study visit at which participants returned the GPS device. Egocentric social network analysis is an analytic approach that is used to understand the local structure, function, and composition of network ties around an individual ('ego'), while sociocentric network analysis includes all of the individuals and ties connecting them within a boundary specification. In this study, we studied the social and sexual networks of MSM utilizing egocentric network inventories similar to those used in large national surveys, including the General Social Survey [77] and the National Social Life, Health, and Aging Project [78] . These inventories utilized a "name generator" question during the course of face-to-face interviews to elicit social and sexual network members who may influence the participant's behaviors. These generators elicit names or other identifiers to be entered into a roster. Each participant was asked how many friends ('confidants') and sex partners with whom they have had sex in the past six months. This generator is then followed up with name interpreters, including a series of questions about each of the first five network members elicited (e.g., age, gender, race/ethnicity). As with previous social and sexual network studies with MSM [59, 79] , participants in the current study provided information about each network member, including demographics, their relationship with the participant, the network member's health attitudes and behaviors, details on PrEP disclosure, PrEP encouragement and discouragement, and the extent to which network members were engaged with PrEP. In addition, from the social and sexual networks inventory generated from each participant, the network size and frequency of communication with network members were calculated as well as measures of emotional support, material support, and network turnover.
Multiple methods were used to create a larger structure to the egocentric networks described earlier-what we refer to as meso-level networks-to understand how the networks of multiple participants within the same population may overlap and connect. First, from the network inventory mentioned above, added structure was created using entity resolution approaches used in previous studies [37] , including adaptive algorithms [80] to match named/extracted network members to both participants and the larger pool of network members elicited. Second, as completed in previous studies [38, 81] , data from Facebook and cell phone contact lists provide an additional method of adding structure to networks. Entity resolution is easily completed with digital data given the unique identifiers in the form of phone numbers or Facebook aliases. Facebook data were obtained from participants using an application within Facebook that allows the extraction of a 'friends' list (i.e., Facebook contacts) into a comma separated value (CSV) file. A freely available smartphone application was used to extract contact lists from participants' cell phones to a CSV file. A dataset with information on the relationships between participants and between participants and their non-participating contacts could thereby be compiled from each data source. Finally, exploratory analyses will be conducted to examine how the multiplexity of networks was related to neighborhood activities and the prevention and PrEP-seeking behavior among Black MSM.
HIV Prevention and Care Continuum Outcomes
For HIV-negative participants, the primary outcomes include self-reported prevention continuum variables related to PrEP. These variables include one's awareness and use of PrEP, which will be assessed through a battery of validated self-report measures administered at baseline and follow-up visits [13] . If participants were on PrEP, self-reported adherence was also examined. Some other secondary behavioral measures include: willingness to use PrEP, PrEP discontinuation and rationale, barriers to PrEP uptake, and HIV testing. HIV-negative participants also received diagnostic testing for HIV to confirm their status and identify incident infections during the cohort's follow-up period.
For HIV-positive participants in the cohort, the primary outcomes include self-reported linkage and retention in care, initiation of and adherence to ART, and viral load suppression, which will be assessed through validated measures at baseline and follow-up visits [82] .
For both HIV-negative and HIV-positive participants, the secondary outcomes of the cohort include the history of STIs, the frequency of condomless insertive and/or receptive anal sex with a serodiscordant or unknown HIV-status partner, the frequency of alcohol and drug use in the context of sex, sexual partner numbers, and the number of group sex events. These outcomes will be measured with a battery of validated self-report measures administered at baseline and follow-up visits [82] . Additional information on clinical activities will be obtained.
Covariates
To account for confounders that may explain observed associations, participants respond to survey items on their age, ethnicity, sexual orientation, socioeconomic status (education, income, occupation), current living situation, nativity, relationship status, drug use, depression, past incarceration status, health insurance status, disclosure of same-sex sexual behavior to primary care physician, residential self-selection, and residential history.
Retention Plans
Participant retention is widely recognized as a vital feature of robust, reliable cohort research. The N2 Study retention plan is based on a multi-pronged approach designed to engage participants in the study and deliver participation reminders. First, at each visit study, the interviewers worked with participants to complete a contact information form, which gathered details on social media accounts (e.g., Facebook aliases) and the phone numbers for one friend and one family member who would be likely to know a participant's whereabouts if direct contact failed. This process directly supports retention by increasing the likelihood of reaching participants for subsequent visits. Second, study staff engaged regularly with participants via birthday and holiday messages and the distribution of a study newsletter, which were strategies designed to help remind participants of their involvement in N2. Third, participants received a check-in call one month prior to each follow-up visit. Fourth, two follow-up reminders (calls, text messages, or social media messages) were delivered one week and one day ahead of a participant's appointment. Fifth, in addition to free HIV and STI testing and financial incentives, retention was supported by the distribution of branded study paraphernalia (e.g., water bottles, backpacks).
Retention was also supported by this study's partnerships with local organizations and services, noting that these organizations have developed decades-long relationships with community leaders and the general Black MSM community in each city. Through these relationships, N2 has been established as a community-based study with support from respected figures and organizations, which supports retention through the building of community-level rapport and trust. Further, the study's partner organizations promoted the study while providing their programs and services, which provided a point of contact between study cycles. Finally, the majority of study interviewers were themselves members of the local Black MSM communities, which provides a further mechanism for decreasing attrition rates. With this plan, it is our goal to achieve a minimum of 80% retention of participants over the life of N2.
As this study employs a two-week period during which participants carry a GPS device, N2 will also build upon successes in earlier pilot work evaluating retention for GPS protocols. In a pilot cross-sectional study of MSM in New York City, all 75 participants returned their GPS device due, in part, to telephone and text messaging reminders issued at the end of the two-week period [57] , which were results that were achieved in a similar pilot study of Black MSM in the Deep South [58] .
Data Management, Quality Assurance and Control, and Statistical Analysis
As previously described, N2 collects four distinct data sources: (a) survey data, (b) GPS data, (c) digital network data, and (d) HIV and STI testing data. To link between these sources, each participant is assigned a unique numerical identifier that is consistent over the life of this study. As part of each visit, study interviewers reviewed participants' files to ensure that each source of data had been collected and took steps to collect any missing pieces.
For the neighborhood analyses, we will apply standard and multi-level regression methods, while recognizing that there is potential for spatial autocorrelation in regression residuals-which can bias effect estimates and standard errors [83] [84] [85] [86] . Therefore, if spatial autocorrelation is detected, we will implement spatial regression models [83] [84] [85] [86] . We will use multiple analytic approaches for the network data. First, for egocentric network data, we will calculate proportions of network members with specific characteristics and examine how these and other local measures such as density, ego-betweeness, and others are related to core variables of interest. These egocentric network characteristic values could then be entered into standard statistical models. Following entity resolution as outlined above, we will explore use of several sociometric measures related to centrality and bridging. We will utilize tie and node estimation modeling approaches as appropriate and depending upon what structures are observed. Additionally, we will fit exponential random graph models (ERGMs), which provide a statistical framework for examining the structural properties of the network, the results of which complement our analysis of the egocentric networks [87, 88] . In addition, we will work on integrated networks and neighborhood analyses. As appropriate, all analyses will be conducted among the full sample and were also site-specific, with the understanding of the potential for effect modification by geographic location. Further, as possible, we will take an intersectional analysis (recognizing heterogeneity in Black MSM), including examining effects by past incarceration status.
In addition, because we will have a cohort including HIV-negative participants, we will be also able to examine the incidence of HIV. Furthermore, we will be able to examine longitudinal trends in HIV prevention behaviors, including PrEP use and adherence, in the same cohort (as opposed to repeated cross-sectional samples). Lastly, we will be able to calculate incidence rates for bacterial STIs. For each of these outcomes, regression analyses will be employed to identify predictive factors, including those specifically related to neighborhoods and networks.
Findings to Date
As of 31 December 2018, a total of 361 men were enrolled across study sites, including 259 in Chicago and 102 in the Deep South (75 in New Orleans and 27 in Jackson). As of 31 December 2018, 29 participants had completed Wave 2 in Chicago with preliminary retention rate of 95%. No participants completed Wave 2 at the other study sites at that time. At baseline, participants ranged in age from 17 to 65 years old with an average of 34.3 (standard deviation = 5.1) ( Table 2) . Table 2 provides an overview of the sociodemographic characteristics and some information on participant sexuality as reported at baseline. Although the majority of participants self-identified as gay or homosexual (56.0%), it is notable that nearly a third were bisexual (29.4%) and 24 men (6.6%) identified as straight or heterosexual; the remaining 29 (8.0%) participants chose other labels such as 'queer' or 'pansexual' or chose not to report their sexual orientation. Almost 70% (66.5%) reported a household income of <$25,000 and 105 participants (29.1%) reported some experiences of housing instability in the six months prior to participation. Table 3 provides an overview of HIV and sexual health practices data, including self-reported baseline HIV prevalence. Overall, 123 men (34.1%) self-reported as HIV positive at enrollment, which did not differ between Chicago and the Deep South. However, among men with HIV, while treatment uptake was similar between sites, in a univariate analysis, we identified higher levels of self-reported ART adherence among men in the Deep South than in Chicago (63.3% versus 49.4% 'always or almost always' adherent, p = 0.03). Consistent condom use for anal or vaginal sex was low among our sample but similar between sites, with 22.9% of men in Chicago and 28.9% in the Deep South reporting always using a condom (p = 0.26). Participants from the Deep South were much more likely than those in Chicago to report having previously paid for sex (i.e., as a sex work client; 18.6% versus 3.9%, p < 0.001) but at the univariate level, there was no difference in the proportion who reported being paid for sex (16.9% of the overall sample were paid for sex or received some other compensation at least once in the 12 months prior to participation). a Differences assessed using Chi-squared (categorical) or ANOVA (continuous); b In the previous 12 months; c Among HIV negative and unknown status participants; d Among HIV positive participants; e Among HIV positive participants on treatment; f 'Recent' defined as six months prior to participation, 'previous' defined as more than six months prior; g 'Consistent' condom use refers to always using condoms during anal or vaginal sex with partners of any gender, excluding participants with no recent anal or vaginal sex. Table 4 reports on neighborhood characteristics at baseline. The features that men highlighted as important in choosing a home neighborhood were the same between those based in Chicago and those in the Deep South: being quiet, reasonably priced, and close to a downtown core were rated as the most important. By contrast, living around certain populations (Black people, White people, gay men) were ranked as the least important, suggesting that this kind of consideration does not commonly feature as a desirable aspect of these men's home neighborhood. Overall, men rated the following problems as the most salient for their neighborhoods (in order): litter and trash, drug dealing, loiterers, police harassment, and abandoned houses. Each of these factors except for abandoned houses were more commonly reported by men in Chicago than those in the Deep South. Table 5 reports on a selection of characteristics describing members of participants' sexual and social networks at baseline. Men in Chicago named a total of 608 social network members ('confidants') and 587 sexual network members, while men in the Deep South named 328 confidants and 123 sexual partners. Overall, men individually named an average of 3.3 confidants and 2.5 sexual partners.
Overall, excluding network members for whom gender details were not provided, the majority of participants' networks comprised cisgender men (57.2% of confidants and 74.0% of sexual partners), with men in the Deep South reporting a higher proportion of male confidants than those in Chicago (62.3% versus 54.4%, p = 0.022), but a lower proportion of men in their sexual networks (76.9% versus 89.1%, p = 0.002). Regarding HIV status, excluding those with no response, participants reported that 16.4% of their social networks and 16.1% of their sexual networks were HIV positive, with sizeable differences between study sites: 19.1% of confidants in Chicago were HIV positive compared to 8.5% in the Deep South (p < 0.001) as were 18.5% and 4.8%, respectively, of sexual partners (p = 0.002). It is notable that HIV status information was unknown or not reported for a much larger proportion of network members in the Deep South sites than those in Chicago.
As of 31 December 2018, GPS data had been collected for 306 participants (84.8% of the total sample). Collection of GPS data was higher in Chicago (91.5%) than in the Deep South (67.6%, p < 0.001). Across sites, the average number of days the GPS trackers were worn by participants was 10.1 (SD = 4.1). a All univariate analyses exclude network members for whom information was not known or for which participant's refused to answer; b As it was possible for participant to identify sex partners who were also confidants, sexual partner types are reported for both networks (n = 130); c 'Missing' in this context may refer to unknown data or confidants who were not sexual partners, and have therefore been suppressed for these strata.
Discussion
The N2 Study intends to collect rich and novel data from a sample of Black MSM in Chicago and the Deep South, reflecting the disproportionate rates of HIV born by this population and the special need for attention to these parts of the U.S. The primary analysis for this study will explore how these features of neighborhoods and networks affect the health and well-being of Black MSM, including their uptake of and adherence to PrEP. By doing so, the N2 study will facilitate a deeper and more nuanced understanding of HIV risk and prevention among Black MSM in areas with some of the highest rates of infection in the U.S.
Data collection is still underway. Based on our preliminary data of 361 men who are HIV-negative and HIV-positive enrolled across study sites, two-thirds of the sample reported a household income of <$25,000, and almost one-third reported some experiences of housing instability in the six months prior to participation. In our sample, consistent condom use for anal or vaginal sex was low, which is not surprising. Preliminary analyses also suggest that Black MSM form diverse social and sexual networks while reporting a high proportion of problems in their home neighborhoods. Also in terms of neighborhood characteristics, one interesting (perhaps unsurprising) finding was that 67% of the sample reported police harassment/abuse in their neighborhoods, and also 65% reported lack of police presence/response. In terms of networks, men individually named an average of 3.3 confidants and 2.5 sexual partners. Also, we found it interesting that HIV status information was unknown or not reported for a much larger proportion of network members in the Deep South sites than those in Chicago.
The aims of this research are in line with several of the goals enumerated in the National HIV/AIDS Strategy for the U.S. [89] as well as President Trump's February 2019 State of the Union Address goal to end the HIV epidemic within 10 years in U.S. [90] . The focus on prevention-related behaviors and outcomes directly aligns with the goal of reducing new HIV infections, while the focus on care-related behaviors and outcomes directly aligns with the goal of increasing access to care and improving health outcomes for people living with HIV/AIDS [89] . In addition, by examining the role of multi-level factors that move beyond the individual on HIV infection and care outcomes, this cohort will contribute substantial empirical evidence to improving HIV-related health equity among MSM [89] .
The traditional HIV care continuum assesses differences in stages of living with HIV from diagnosis to successful treatment [91] , and many cohort studies conducted among MSM focus on either HIV prevention or treatment [92] [93] [94] [95] ; thus, the investigative team believes that an integrated care continuum that is status-neutral is essential to ending the HIV epidemic [91, 96] , which we aimed to do in this study. For people living with HIV, a positive test result is followed by high quality, culturally competent and sensitive care that will support individuals to engage/re-engage in care [97] . It is predicted that the empirical findings of this project will contribute to the development of polices that achieve the goals of the National HIV/AIDS Strategy for the U.S. [89] and reduce the burden of the HIV epidemic among Black MSM [2] . Through a comprehensive assessment of individual-level behaviors, attitudes, and beliefs while analyzing the influence of neighborhood-level and network-level factors, the current study aimed to elucidate both macro-level facilitators and barriers to improved health among this population through a coordinated HIV prevention and care response.
We fully recognize that cohort studies have been conducted among MSM to assess changes in risk for HIV infection over time. The Project 18 cohort [98] for example was developed to assess longitudinal determinants of syndemic production among a new generation of racially and ethnically diverse young MSM in New York City. Other cohorts have been created to assess differences between MSM of different racial/ethnic backgrounds over time. For example, the Involve(men)t cohort [94, 99] was created to understand multi-level determinants of Black and White MSM in Atlanta, Georgia. However, few cohorts have been created to focus exclusively on the health of Black MSM without comparing them to MSM of other racial/ethnic backgrounds [100] . One such prospective cohort study focused exclusively on Black MSM is the HIV Prevention Trials Network (HPTN) 061 (BROTHERS), which included 1153 Black MSM followed for one year in six US cities: Atlanta, Boston, Los Angeles, New York City, San Francisco, and Washington, DC [100, 101] . HPTN 061 is very different from our N2 cohort (beyond different regional focuses), as HPTN 061 was a feasibility study of a multi-component intervention to reduce HIV infection, while N2 focuses on the social contextual determinants of HIV. The exclusive focus of HPTN 061 and the N2 Study on Black MSM represents a next-generation health equity approach [102] , allowing for rigorous intersectionality analyses such as a more nuanced understanding of the intra-group attitudes, beliefs, behaviors, and practices of Black MSM without explicitly or implicitly deeming them as deviant or disordered compared to White MSM [103] . Indeed, as compared to other racial/ethnic comparison-type studies and analyses, the study will measure the considerable diversity within Black MSM, allowing for within-group analyses of factors associated with resilience as well as the development of novel variables and constructs that are potentially related to prevention care continuums and well-being. These foci allow for the understanding that the experiences of Black MSM are not monolithic, allowing for an understanding of the varied behavioral risk profiles for individuals in these communities [103] . This, in turn, allows for the development of interventions that can be implemented among the most highly impacted individuals within these communities to directly influence the burdens and disparities experienced by Black MSM regarding HIV prevention and care in the U.S.
Strengths and Limitations
The N2 Study is not without limitations. First, the cohort will be specific to Black MSM in three MSAs in the U.S. (one in the Midwest and two in the Deep South); therefore, our findings may not be generalizable to Black MSM in other geographic locations, such as Black MSM on the West Coast. Of note, this study was not designed to be representative of all Black MSM, but rather is intended to gain an understanding of the structural underpinnings that contribute to the increased prevalence, incidence, prevention, and management of HIV in these important geographical areas. Another limitation of this study is the use of different recruitment strategies between study sites, which may challenge comparisons between men in Chicago and the Deep South. Our decision to implement individually tailored approaches to recruitment was based on the feasibility expressed by our community partners, building on their unique understanding of the populations they serve and the methods that are most likely to reach men in different cities. To account for the potential biases between these groups, any comparative analyses will employ techniques of statistical matching on key sociodemographics to more accurately make comparisons across study sites.
This study also has a variety of strengths beyond the novel methodological approaches. The high prevalence of HIV infection among Black MSM in these three locations warrants the creation of the kind of large-scale sample that is expected via N2 in order to investigate the supra-individual factors associated with both HIV prevention and care behaviors and outcomes over time among these highly marginalized and vulnerable populations in order to inform the development of high-impact interventions and relevant policies. For example, increasing community efforts to combat LGBT hate crime rates within neighborhoods through increased local police attention in high-crime locations may serve as an intervention if an association between exposure to LGBT hate crimes and condomless anal intercourse is observed. Second, understanding the geographic navigation of Black MSM will also help inform where health services should be delivered. For example, given that we will know the travel patterns of Black MSM, we can identify high-traffic geographic locations for HIV testing/prevention/care interventions, which is an advancement of the literature, since such interventions are not often spatially targeted. In addition, targeting key network members can potentially facilitate the identification of Black MSM for HIV testing and linkage to care and enhancing social support, potentially increasing retention in HIV prevention and care services, such as the uptake of new biomedical interventions (e.g., PrEP) among Black MSM. Thus, the N2 Study provides an unprecedented opportunity to understand how multi-level factors can influence HIV outcomes among diverse Black MSM, which can have direct implications for planning behavioral and policy-level HIV prevention and care interventions. Abuse (Grant Number: K24DA040489). These funding sources had no role in the design of this study and will not have any role during its execution, analyses, and interpretation of the data or decision to submit results.
